Abstract: Climate change (CC) has a number of immediate and long-term impacts on the fundamental determinants of human health. A number of potential human health effects have been associated either directly or indirectly with global climate change. Vulnerability to the risks associated with CC may exacerbate ongoing socio-economic challenges. The objective of this review was to analyse the potential risk and vulnerability in the context of climate-sensitive human diseases and health system in Tanzania. Climate sensitive vector-and water-borne diseases and other health related problems and the policies on climate adaptation in Tanzania during the past 50 years are reviewed. The review has shown
Background
Global climate change, largely a result of ozone layer depletion, is caused by human activities that release greenhouse gases that trap heat within the atmosphere. These human activities include increased use of fossil fuel, land use change and agriculture (Watson et al., 1998 ). An increase in greenhouse gases leads to increased warming of the atmosphere and the Earth's surface. As the concentration of these gases in the atmosphere increases, climate models project that the average surface temperature will rise by 1.1°C to 6.4 °C in the 21 st century, with extremes potentially occurring beyond this range (IPCC, 2007; Omumbo et al., 2011) . These changes are likely to have significant impacts on the fundamental determinants of human health, most notably on the ecosystems and these impacts will be added to existing health burdens.
Tanzania has been experiencing real and visible impacts of climate change. The Initial National Communication has reported that the mean annual temperatures will increase by 2.1 0 C to 4 0 C in the northern, central and southern parts of the country by 2100. This increase will markedly be observed particularly during the cool months. During the same period of time, an annual increase by 10% in precipitation is expected. Climate projections indicate that northern and southern parts of the country would experience an increase in rainfall ranging from 5-45% and that most parts of the country might experience a decrease in rainfall of 10-15% (Mwandosya et al., 1998) . decision makers on health impacts from climate change locally as well as globally. The objective of this review was therefore, to analyse the nature of risk and vulnerability in the context of climatesensitive human diseases and health system in Tanzania and to identify national policies that address climate change issues. The paper further discusses the ways of mainstreaming and integrating adaptation to climate change into poverty reduction and sustainable socio-economic development efforts. This paper was written through desktop review of key policy documents, technical reports, publications and available internet based literature.
Impacts of Climate Change on Human Health
The prevalence of some of the tropical diseases and other threats to human health depend largely on local climate. According to the Intergovernmental Panel on Climate Change (IPCC, 2007) , extreme temperatures can lead directly to loss of life, while climate-related disturbances in ecological systems can indirectly impact the incidence of infectious diseases. On the other hand, warm temperatures can increase air and water pollution, which in turn harm human health. Extreme weather can destroy shelter, contaminate water supplies, cripple crop and livestock production, tear apart existing health and other service infrastructures. This will ultimately increase the existing burden of disease and other non-health need of vulnerable human population. The magnitude and nature of climate change impacts on human health vary by region, by relative vulnerability of population groups, by the extent and duration of exposure to climate change itself and by society's ability to adapt to or cope with the change (IPCC, 2007) .
Climate change can affect human health and well-being through a variety of mechanisms (Githeko et al., 2000; Patz et al., 2005; Afrane et al., 2006) . The risk of emerging diseases may increase due to changes and survival of pathogens in the environment, changes in migration pathways, carriers and vectors and changes in the natural ecosystems (Afrane et al., 2006) . Infectious agents are in a state of perpetual adaptation to their new host (s) or vectors, which can lead to the emergence of 'new' diseases or the spread of known diseases to previously unaffected areas. Factors that lead to the adaptation of infectious agents are complex and dynamic, ranging from deforestation, irrigation, species competition, human and animal migration patterns, drug resistance and changing vector lifecycle due to variations in temperature and rainfall (Patz et al., 2005; Afrane et al., 2006) . The climate sensitive infections have some commonalities; they are focal, and their distribution is limited by the ecology of their vectors or reservoirs. Usually, the range of the vectors or reservoirs is delineated by temperature and sometimes availability of water bodies (Shope, 1992) . Predicted changes in climate and climate impacts will have direct and indirect impacts on human health. Warming is predicted to increase or decrease the incidence of vector-borne diseases. The increased frequency of droughts and flooding is in turn likely to increase the frequency and magnitude of epidemics of water-borne diseases, as well as to influence the incidence of vectorborne diseases. Warming will also aggravate the impacts of air pollution on respiratory illnesses (McMichael et al., 1996; Githeko et al., 2000; IPCC, 2001; Patz et al., 2005; Afrane et al., 2006) .
Climate-Sensitive Diseases in Tanzania
Alterations to the natural environment may change the context within which pathogens, vectors and their hosts interact, thus potentially affecting vector or water-borne disease epidemiology (Vora, 2008) . Human-driven ecological changes have been incriminated to be contributing to the spread of vector-borne diseases. Such changes include deforestation, agriculture and animal husbandry, water control projects, urbanization, loss of biodiversity, introduction of alien species, and climate change (Vora, 2008) . Vector-borne diseases are particularly sensitive to climate change because temperature and precipitation changes can alter vector development rates, shift their geographical distribution and alter transmission dynamics. As a result of anthropogenic climate change on vector-borne increased rainfall and temperature. In Mbeya Region, Kangalawe (2009) has demonstrated a clear association between temperature trends and malaria incidences as an impact of climate change.
A common characteristic of many affected areas prior to the malaria epidemics is that they had suffered a recent period of drought and were recognised as having serious food security problems (WHO, 2001) . Further support for the link between food security issues and epidemic malaria comes from the study in Mbulu District in 1942 (Clyde, 1967) and Muleba District in 1978 (Garay, 1998) . The risk of mortality from malaria during the Muleba epidemic was observed to be seven times higher in malnourished than well nourished children giving support to the view that the consequences of epidemic malaria are most intensely felt in communities where food entitlement is constrained. Findings of some studies have suggested that a delay in seeking medical care has contributed highly to loss of life (Mboera et al., 1999) . Such delays have been aggravated by destruction of the infrastructure as it was observed in Muleba district during the 1978 malaria epidemics (Garray, 1998) .
The impact of climate change on malaria has been described in a number of studies in Africa (Lindsay & Birley, 1996; Lindsay & Martens 1998; Lindsay et al., 1998 Lindsay et al., , 2000 . The impact of climate variability and malaria can be explained by the fact that as altitude increases, temperature declines and both the development and survival of the mosquito vector and parasite are critically dependent on the ambient temperature. As the temperature drops so does the risk of infection, and there is a typical threshold below which transmission ceases.
Anopheles gambiae complex and A. funestus mosquitoes are responsible for transmission of most malaria in Tanzania. These species of mosquitoes are sensitive to temperature changes both as adults and immature stages in the aquatic environment (Rueda et al., 1990) . When water temperature rises, the immature stages take a relatively shorter time to mature and consequently there is a greater capacity to produce more offspring during the transmission period (Rueda et al., 1990) . In warmer climates, the gonotrophic cycle of Anopheles mosquitoes is shorter, this means the adult female mosquitoes digest blood faster and feed more frequently, thus increasing transmission intensity (Gillies, 1953) . Similarly, malaria parasites complete extrinsic incubation within the female Anopheles mosquito in a shorter time as temperature rises thereby increasing the proportion of infective vectors (Turell, 1989) .
The distribution of Anopheles gambiae complex siblings is determined by ecological factors. While Anopheles gambiae prefers the wet and humid zones, An. arabiensis has adapted to drier climates (Coluzzi et al., 1979) . It has been reported by Lindsay et al. (1998) that the distribution and relative abundance of these species can be predicted fairly accurately using climate models and could be used to indicate future changes in vector distributions associated with changing climate. On the other hand, increased precipitation has the potential to increase the number and quality of breeding sites for mosquitoes.
Rift Valley Fever
Rift Valley fever (RVF) is a climate-related infection and all outbreaks in East Africa have been reported to occur following periods of abnormal drought, followed by abnormal heavy rains and the consequent emergence of large numbers of Aedes and Culex mosquitoes (Linthicum et al., 1985; 1998; Hightower et al., 2012) .). RVF epidemics in Tanzania have been recorded to occur in 1956 , 1978 -79, 1997 -98 and 2007 . In January 2007 , an outbreak of RVF was detected among humans starting from northern Tanzania districts, but later spreading southwards and westwards to affect other parts of the country. A total of 511 suspect RVF cases were reported from 10 of the 21 regions of Tanzania, with laboratory confirmation of 186 cases and another 123 probable cases. All RVF cases were located in the north-central and southern regions of the country, with an eventual fatality rate of 28.2% (N = 144) (Unpublished Report, Ministry of Health and Social Welfare). While the 1997-98 epidemics were confined in Arusha region in northern Tanzania, the 2007 epidemics spread south and west-wards to cover a number of regions (Mohamed et al., 2010) .
Dengue fever
Dengue fever is considered as the most important arbovirus disease throughout the World. The disease is prevalent throughout the tropics and subtropics and is more important in highly urbanized communities with poorly managed water and solid waste systems. Although the history of dengue in Africa is poorly documented, it is known that the disease has been on the continent since the start of the 20 th century. A retrospective serosurvey by Kokernot et al., (1956) suggests that dengue in Africa existed as far back as 1926-1927, when it caused an epidemic in South Africa. The first description of Dengue virus serotype 3 (DENV-3) activity in Africa was related to outbreaks detected during 1984 and 1985 in Pemba, Mozambique, with two deaths due to dengue haemorrhagic fever (Vasilakis et al., 2008 ). DENV-3 was then detected in 1993 in Somalia and areas around the Persian Gulf (Gubler & Clark, 1995) .
Despite poor surveillance for dengue in Africa, it is clear that epidemic dengue fever caused by all four dengue serotypes has increased dramatically since 1980, with most epidemics occurring in eastern Africa (Gubler, 2000) . Tanzania recorded the first outbreak of dengue fever in Dar es Salaam in February 2010. The cases were from five tourists who were returning to Europe and Japan. The cases were confirmed by PCR to be Dengue fever type 3 virus (DENV-3) infections. Later in May 2010, more cases of dengue fever were reported from hospitals in Dar es Salaam. Out of 126 samples collected, 46 were positive for dengue fever (18 among them being Tanzanians) (Ministry of Health and Social Welfare, unpubl). Unfortunately, the burden of dengue virus infection in Tanzania is not known with certainty. In a recent study in Mbeya in south-western Tanzania, a 6% seroprevalence of DENV 1-4 was reported in Mlowo area (Weller et al. 2010) .
Dengue viruses, like all other arboviruses are transmitted in nature primarily by arthropods to vertebrates. The virus is transmitted to human by mosquitoes, especially Aedes aegypti and Aedes albopictus. Aedes aegypti is highly domestic and a day-biting species that prefers to feed on humans. Generally, small and inconspicuous containers of water, both natural and artificial, such as discarded cans and cups, roof gutters, barrels, flower pots, tree holes, water tanks, or tires are used as breeding sites for these vectors. Although the lifespan of an adult Aedes aegypti is between two to four weeks depending on conditions, Aedes aegypti's eggs can be viable for over a years in a dry state, which allows the mosquito to re-emerge after a cold or dry spell. The increase risk and resurgence of dengue in many parts of the world is associated with urbanization, increased travel, and climate change (http://www.climatecentral.org/blogs/the-climate-connection-to-dengue-fever/). Temperature is known to influence adult survival, the lengths of the gonotrophic cycle and the extrinsic incubation period of the virus in the vector, and vector size, a factor that indirectly influences the biting rate (Jetten & Focks, 1997) . The current warming projection of the International Council of Scientific Unions and the Intergovernmental Panel on Climate Change of 2 0 C by the end of the next century is expected to result in a potential increase in the latitudinal and altitudinal range of dengue (Jetten & Focks, 1997) . A model by Hales et al. (2002) has already predicted that dengue fever incidence will increase worldwide secondary to climate change.
Information on other arboviral climate sensitive infection in Tanzania is scarce. Only few studies have been carried out on arbovirus infections in Tanzania (Crabtreee et al., 2007 ). An outbreak of O'nyong-nyong fever was reported from Bukoba district in North-western Tanzania in late 1996 (Rwaguma et al., 1997) . In an investigation carried out in Mwanza in 1966-1967, Chikungunya virus was detected in 73% of the 78 sera of human beings. This high seroprevalence was thought to be due to the epidemic of O'nyong-nyong fever that occurred in East Africa in 1958 (Fukumi et al., 1967) . The outbreak of O'nyong-nyong fever started in northern Uganda and spread south and eastward into Kenya, Tanzania, and Zambia (Rwaguma et al., 1997) . At least one other arbovirus, Bwamba virus (Bunyamwera group), was detected in a refugee camp in north-western Tanzania . Recent studies in Mbeya Region have also reported high prevalence of antibodies against Chikungunya virus (48%) and flaviviruses (West Nile virus, Dengue viruses 1-4, yellow fever virus) ranged between 20% and more than 30%. All these findings indicate circulating antibodies of arboviruses among Tanzanian populations, hence have been infecting humans (Weller et al. 2010) . Acute Chikungunya virus infections have been recently confirmed among 7.9% patients with febrile illness in northern Tanzania. Chikungunya virus infection was more common among infants and children than adults and adolescents and among HIV-infected patients with severe immunosuppression (Hertz et al., 2012) .
Human African Trypanosomiasis (HAT)
HAT in Tanzania is caused mainly by Trypanosoma brucei rhodesiense and transmitted by tsetsefly of Glosina species. Glossina morsitans morsitans have adapted to ecosystems ranging from humid forests to dry savannas; whereas G. palpalis is a riverine species preferring to rest under dense vegetation close to river banks. As these ecosystems changes, so does the distribution of vectors species. Factors that alter the resting sites for adult tsetse flies, such as long-term changes in rainfall and temperature, can affect the epidemiology and transmission of trypanosomiasis (Githeko et al., 2000; Moore et al., 2011) . Combining a variety of direct effects of temperature on vector ecology, vector biology and vector-parasite interactions via a disease transmission model, Moore et al. (2011) have extrapolated the potential compounding effects of projected warming on the epidemiology of HAT. Using the model, Moore et al. (2011) predict that HAT epidemics can occur when mean temperatures are between 20.7°C and 26.1°C-causing a large shift of up to 60% in the geographical extent of the range. The model also predicts that 46-77 million additional people may be at risk of HAT exposure by 2090.
Livestock and human mobility and environmental dynamics that influence tsetse fly presence, density and dispersal are known to play role on the geographical extent of HAT foci (Courtin et al., 2008) . Deforestation that has been going on in HAT endemic region of Tanzania has been associated with drought and decrease in precipitation. This is likely in turn to affect the survival of immature tsetse stages, and hence affecting the population and transmission of sleeping sickness. It is important therefore, to understand how environmental modifications, population dynamics and climate change will impact on the distribution and incidence of the disease. Change in climate and vegetation are among factors that have been associated with the reemergence of HAT (WHO, 1986) .
Schistosomiasis
Schistosoma mansoni and S. haematobium infections are prevalent in Tanzania Brooker et al., 2001; Lwambo, 2005) . The life cycle of the parasite is complex involving snails, water, and human beings. The cycle is susceptible to environmental change, especially in water-associated stages. The intermediate hosts of S. hematobium are Bulinus snails, those of S. mansoni are Biomphalaria snails. A major determinant of schistosome distribution is the distribution of their intermediate snail host. Snail populations are dependent on physical and biological factors such as temperature, water, food availability, water pH, snail population, diseases and water currents. Studies have established that ambient temperature is an important limiting factor of the survival of snails and of the shedding of cercariae (Iijima & Sugiura, 1962) . This means that rapid increase in ambient temperature is likely to affect the survival of parasite and therefore schistosomiasis may disappear in some foci. Areas of East African coast already have high temperatures, and it has been suggested that this is the reason why the members of the genus Biomphalaria snail has not colonized the zone (Sturrock, 1965) . In Kenya, a major drought from 2001 to 2009 resulted into the drying of ponds that were known previously as sources of infection for S. haematobium. These changes in the transmission patterns or disappearances of intermediate hosts in transmission ponds was the implications of extreme weather and changes in climate conditions on the risk and transmission of S. haematobium (Mutuku et al., 20110) . On the other hand, other areas in highlands, now too cold to support the host snails, can be expected in the future to be favourable ecologically for schistosomiasis. In a study in Tanzania by Marti et al. (1985) , rainfall patterns have a distinct influence on Bulinus globosus densities. A similar phenomenon was later established by Woolhouse & Chandiwana (1990) in a simulation model using data collected from Zimbabwe. Long-term changes in precipitation can therefore be expected to alter the distributions of snails and in turn the disease pattern (Githeko et al., 2000) .
Leptospirosis
This is another climate-related disease. Leptospirosis is a globally important zoonotic disease, most commonly found in tropical or sub-tropical countries and may be prevalent in both urban and rural settings (http://www.agribusinessweek.com/climate-change-triggers-leptospirosis-outbreaks/). The epidemiological status of human leptospirosis in Tanzania has not been well defined because of a general lack of awareness of the disease and difficulties in its diagnosis. However, a recent study among various occupational groups in north-east Tanzania reported a prevalence of 15.1% ). The serovar Icterohaemorrhagiae, Bataviae, Hardjo, Tarrassovi, Ballum and for Pomona were found in the studied population. Livestock farmers, veterinarians and abattoir workers were most at risk. Poor sanitation and the increase in urban slums along with frequent typhoons and expansion of flooding areas in the country have exacerbated the risk of infection. In another study, Biggs et al. (2011) found a prevalence of 8.8% leptospirosis among admitted patients in two hospitals in Moshi, Tanzania. They concluded that Leptospirosis is a major yet underdiagnosed cause of febrile illness in northern Tanzania. Previous findings in Tanzania (Machang'u et al., 1997 (Machang'u et al., , 2003 showed that leptospirosis is much more common than generally thought.
Leptospirosis is spread through the urine of infected animals, which gets into water or soil and can survive there for weeks or even months. Animals become infected through direct contact with contaminated water or soil. Humans can be infected with leptospirosis in ways similar to animals, which are in direct contact with contaminated water or soil, ingestion (oral), or inhalation (aerosol). Humans can also be exposed through direct contact with the urine of infected animals. The incidence of infection is seasonal, in tropical countries, the peak incidence occurs during the rainy season. The prevalence of leptospirosis is generally high in domestic animals and rodents in Tanzania. Recently, scientists at Sokoine University of Agriculture have identified a new strain of Leptospira kirchners serovar Sokoine (Mgonde et al., 2006) .
Plague
Plague is a rapidly progressing, serious and highly fatal infectious disease of humans (Gage & Kosoy, 2005; Stenseth et al., 2008) . It is a disease of public health importance in Tanzania (Kilonzo et al., 1997) . Plague is caused by the bacillus Yersinia pestis that circulate mainly in rodent hosts and are transmitted between them and to other mammals via adult human and animal fleas, and predation or cannibalism, but potentially also by contaminated soil (Gage & Kosoy, 2005; Drancourt et al., 2006) . The disease is enzootic in a variety of wild rodent species and in diverse habitats (Stenseth et al., 2008) . In Tanzania, plague is endemic in Lushoto district and cases generally occur in seasonal pulses (Kilonzo et al., 1997) . Owing to focal nature of plague, environmental factors are suspected to play a role in the complex plague cycle and so may explain -at least partly -the details of its spatial distribution (Neerinckx et al., 2008) .
Studies have indicated that plague distributions are consistent with changing climates (Nakazawa et al., 2008) . Climate influences all three components of plague lifecycle, which include the bacteria, vectors, and hosts and is a likely factor to explain some of plague's variability from small and regional to large scales (Neerincks et al., 2008) . Climate has long been suspected to be a key factor in the alternation between quiescent and active periods of plague (Rogers, 1928; Davis et al., 2006; Ari et al., 2011) . It has been reported that human plague outbreaks in several African countries are less frequent when the weather is too hot (>27°C) or cold (<15°C) while an increased plague incidence during the hot, dry season, followed by a period of high seasonal rainfall has been reported in Vietnam (Pham et al., 2009) .
The plague system is the result of complex interactions between its components, the densities, life cycle, dynamics and geographical distributions, all of which are individually influenced by climate variables (Ari et al., 2011) . Climate variables influence the dynamics of flea vectors and rodent hosts (Pham et al., 2009) . The abundance of rodent fleas is affected by ambient temperature, rainfall, and relative humidity, with warm-moist weather providing a likely explanation for higher flea indices (Olson, 1969) . It has been established that ambient temperature, rainfall, and relative humidity have direct effects on development and survival, as well as the behavior and reproduction of fleas and their populations. Rodent survival and population dynamics are also affected by climate. Moreover, a direct effect occurs when high intensity rainfall causes flooding of rodent burrows. Indeed, rainfall controls primary production which limits rodent abundances. Studies in Tanzania have shown that rodent population densities show clear association with annual rainfall and its seasonal distribution in Tanzania (Davis et al., 2006) . In a study of the incidence of human plague in New Mexico in relation to precipitation, the number of human plague cases was positively associated with higher-than-normal winter-spring precipitation, perhaps because the wetter conditions favored rodent breeding (Permenter et al., 1999) .
Water-borne diseases
Water-borne viral and bacterial infections can cause severe diarrhoea in children, often locking them into a vicious cycle of undernourishment, susceptibility to other infectious diseases, and eventually death. In countries with inadequate water and sanitation services, diarrhoea is much more common when temperatures are high (WHO, 2009 ). Both flooding and unusually low levels of water can also lead to water contamination and bring higher rates of illness and death from cholera and other diarrhoeal diseases (Hashizume, 2008) . Warming and greater variability in rainfall threaten to increase the burden of these diseases. Warmer surface temperatures increase the abundance of phytoplankton, which supports a large population of zooplankton, which serves as a reservoir for cholera bacteria.
The combination of higher temperatures, prolonged droughts and floods coupled with scarce water resources and poor sanitation make Tanzania vulnerable to outbreaks of cholera and other waterborne diarrhoeal diseases. A study has already shown that during the 1997-98 El Niño, a rise in sea surface temperature coupled with excessive flooding emerged as two significant factors in cholera epidemics in Djibouti, Somalia, Kenya, Tanzania, and Mozambique. Another study in Lake Victoria basin has shown that the incidences of high cholera epidemics coincided with high flow peaks and high temperatures before and during El Niño years (Wandiga et al., 2006) . Nonetheless, analysis of annual cholera trends indicates an irregular cyclical pattern; with general increase in cases and a reduction in interval between peaks. Recent analysis has shown that the five coastal regions in Tanzania are among the top-eight regions by number of cases per capita (Taylor, 2009) . For a number of years, heavy rainfall in Dar es Salaam has been followed by cholera outbreaks, especially in areas of relatively low water table (Mayala et al., 2003) . Flooded areas and ditches, latrines and septic tanks are key reservoirs that perpetuate cholera in Dar es Salaam. Community-based studies have also indicated an increase in awareness of climate-associated diseases in humans. Kangalawe (2012) observed in Mbeya Region that diarrhoeal diseases and respiratory infections were the most frequently climate-related diseases among the community.
Impact of Climate Change on Health Systems
Climate change is emerging as a major threat to health and adding pressure on public health systems. Climate change will affect, in profoundly adverse ways, some of the most fundamental prerequisites for good health: clean air and water, sufficient food, adequate shelter and freedom from diseases (WHO, 2009) . Most often, extra pressure is placed on health care services by increased demands resulting from weather-related natural hazards such as floods and land-slides. Disruptions of social networks are not uncommon. Electric power outages can occur as a result of extreme weather-related events, which can affect the ability to communicate and carry out some operations during emergencies. There is interference with livelihoods such that people experience stress if their livelihoods and productivity are threatened. Severe weather events often result in loss of income and productivity, relocation of people, increased stress for families, and higher costs for health care and social services.
Most often, all infrastructures are designed for a specific climate, such as those related to food production, water management, energy production, drainage and sanitation systems, and housing and health infrastructures. Health risks may arise when any one of these systems fails or becomes compromised -as they may in a changing climate. For instance, limited access to water, electricity and sanitation could increase vulnerability to outbreaks of waterborne diseases including cholera (Shongwe, 2009) . Climate change can increase the number of extreme weather events which can damage buildings, roads, and other infrastructure. This causes trauma to people including relocation to new places, as occurred following the recent rains in Kilosa and Dar es Salaam. This causes trauma to people including forced relocation to new places, Since climate change is associated with more extreme precipitation events and rising sealevels, cities will also experience more severe and more frequent flooding (Ramin, 2009 ). Urbanization creates flood-prone conditions by covering the ground with pavement and buildings, and by building urban drains, causing runoff water to move more rapidly into rivers than under natural conditions (Douglas et al., 2008) . The urban poor build houses of weak, inadequate materials, often against hillsides that are subject to landslides during heavy rains (Unger & Riley, 2007) . Climate change can result in damage to sanitation infrastructure resulting in the spread of disease or threatening a community's ability to maintain its economy, geographic location, or cultural-tradition leading to mental stress.
Climate Change and Other Health-Related Problems
Climate change can adversely impact the availability of water supplies, the efficiency of local sewerage systems, and food security (Schmidhuber & Tubiello, 2007) . Increased intensity and frequency of drought and flooding, altered hydrological cycles and precipitation variance have implications for future food security. In developing countries, growing population and loss of production due to climate change are expected contribute to increased food prices (FAO, 2007I). Already, higher temperatures, declining rainfall and water scarcity and floods in Tanzania are impacting negatively on food production resulting in food insecurity. Decreased agricultural productivity in the coming years could lead to food insecurity, hunger and famine in some communities severely affected by climate change. In Tanzania, agricultural production is mostly weather dependent, and has occasionally subjected the country to food shortage and insecurity in years with low rainfall (Kangalawe, 2012) . Food security varies spatially and temporally depending on rainfall patterns and other multiple stress factors such as soil conditions, types of crops grown, socioeconomic and cultural factors. Food insecurity would in turn increase illness and death of vulnerable groups including women and children (Shongwe, 2009) .
Climate change may affect health outcomes and food utilisation with additional malnutrition consequences. Populations in water-scarce regions are likely to face decreased water availability, with implications for the consumption of safe food and drinking water. Both acute and chronic nutritional problems are associated with climate change. The effects of drought on health include deaths, malnutrition (undernutrition, protein-energy malnutrition and/or micronutrient deficiencies), infectious diseases and respiratory diseases. Drought diminishes dietary diversity and reduces overall food consumption, and may therefore lead to micronutrient deficiencies. Malnutrition increases the risk both of acquiring and of dying from an infectious disease. Drought and the consequent loss of livelihoods is also a major trigger for population movements. Population displacement can lead to increases in communicable diseases and poor nutritional status resulting from overcrowding, and a lack of safe water, food and shelter (del Ninno & Lundberg, 2005) .
Most of the climate change impacts in Africa are associated with rainfall variability and scarcity of water resources. Water scarcity is already a major problem for the world's poor. The number of people impacted by water scarcity is projected to increase from about 1.7 billion people about ten years ago to around 5 billion people by 2025, independent of climate change (IPCC, 2001 ). Climate change is projected to further reduce water availability in many water scarce regions, particularly, subtropics, due to increased frequency of droughts, increased evaporation, and changes in rainfall patterns and run-off. Climate change-induced droughts, flooding and other extreme weather events degrade and reduce portable water supplies and increases water-associated diarrhoeal diseases, particularly in areas with inadequate sanitary infrastructures. Almost 90% of the burden of diarrhoeal disease is attributable to lack of access to safe water, sanitation (WDR, 2010; Prüss-Ǘstüm et al., 2008) and reductions in the availability and reliability of freshwater supplies are expected to amplify this hazard. On the other hand, droughts have a direct impact on health, particularly in children. It has been established that underfives born during drought years are more likely to be undernourished and stunted (Speranza et al. 2008) Population displacement associated with natural hazards compromises health and damages lives. By destroying ecological and agricultural systems and by flooding communities, climate change can eventually force people to abandon where they live in order to seek new homes and livelihoods. Forced displacement is associated with a range of health issues, including social isolation and mental disorders, and in many cases, reduced socio-economic status and associated health problems.
Climate change vulnerability and adaptation in Tanzania
Vulnerability, poverty and disease are tangled in a complex set of socio-economic and environmental conditions that can create heightened susceptibility to illness among certain individuals within a community. Understanding the determinants of health is fundamental to understanding how communities and individuals adapt to avoid risk and illness. Vulnerability is also tightly linked to inequity with respect to access to resources, decision-making power and capacity to cope. The continued prevalence of illness and vulnerability stems itself in part in the continued inequality within and between households, communities and countries. Inequality affects vulnerability directly by constraining the options available to communities, households and individuals when faced with external shocks, and indirectly through its various links to poverty. Factors such as the ability to mitigate increased vulnerability associated with illness, access to timely diagnosis and care, and access to adequate nutrition all play a role in managing vulnerability and disease progression.
For many communities, adaptation to climate change has been a survival strategy that has been well-refined over time. Increasing variability and frequency of unusual weather events places the livelihoods of those most vulnerable to climate change at risk by testing their ability to adapt. Innovation, knowledge and coping strategies often exist within the fabric of social structures at the community level (Yamin et al., 2005) . The impacts of climate change and the vulnerability of poor communities to climate change vary greatly, but generally, climate change is superimposed on existing vulnerabilities. In some areas where livelihood choices are limited, decreasing crop and livestock yields threaten famines.
Although all populations will be affected by a changing climate, but the initial health risks vary greatly, depending on where and how people live. Health effects are expected to be more severe for elderly people and people with infirmities or pre-existing medical conditions (WHO, 2009 ). The groups who are likely to bear most of the resulting disease burden are children and the poor, especially women. Supporting community-led adaptation means putting communities' centre-stage in determining which vulnerabilities are addressed and how they are addressed. In order to understand the true implications of climate change on those most vulnerable, impacts must be viewed from within the context of their everyday lives.
Assessment of vulnerability and adaptation to climate change in various sectors in Tanzania form part of the Initial National Communication (INC). Currently, there are two disaster vulnerability assessment reports conducted in 2002 and 2003 which reveal the situation at the community level. Among the major causes of the vulnerability at village, district and national levels include epidemics, drought, pest/vermin/plant diseases and floods. Through the National Adaptation Programme of Action, various coping strategies have been identified.
There are a few documented reports on community adaptation to climate change in Tanzania. This is likely to contribute to the low knowledge of the community on what is climate change. In a study conducted in Mbeya Region, Kangalawe (2012) reported that the concept "climate change" was associated with variability in weather condition such as rainfall inconsistency and unpredictability over years. Increasing temperatures; shortened growing seasons; late coming of rains in the seasons; recurrent food shortage, rainfall coming too early and increased incidences of drought were reported by the local community as the major indicators of climate change. Interestingly, in a recent study carried out among farming communities in Kilosa district, only one in four respondents understood the official Kiswahili term for climate change "Mabadiliko ya Tabia Nchi", which is currently used by the government in circulated materials about climate change. Like in Mbeya, there was a general understanding among the Kilosa community that the rain patterns have changed in the past 10 years; however there were a range of descriptions for this change (Fahey et al., 2011) . There was more agreement on temperature change, with 62% believing that the temperature has increased in the last 10 years (Fahey et al., 2011) . The lack of comprehension of climate change shows that the community has not received education on climate change which could prepare them for possible consequences. There was a general awareness that the temperature was rising and the rains were changing, which may have attributed to some of the change in crop variety reported by the farmers. Such flexibility is important for resilience to climate change.
Traditional coping mechanisms at household and community levels are backward looking, based on historical experience and observation. In the face of changing patterns of climate variability and the significant deviations from historical experience, their effectiveness may be significantly reduced. The 1998 high rainfall due to El Nino was followed by a two-year period of erratic rainfall. This climatic shock caused some of the poorer farmers to give up maize farming and opt instead to sell their labour at farms in other more productive areas. The resulting dependence on physical working capacity as their sole endowment increased vulnerability, since malnutrition and disease can reduce their capacities for manual labour. Climate change many thus force drastic changes to livelihood strategies. Where economic diversification is low, income opportunities and hence option for developing alternative livelihoods in response to climatic changes may be limited. In some cases migration, which is an important coping strategy for poor people, might be the only solution, but will potentially cause social disruption.
Many adaptation mechanisms need to be strengthened by making progress in areas such as good governance, human resources, institutional structures, public finance, and natural resource management. Such progress builds the resilience of the country, communities, and households to all types of shocks, including climate change impacts. Strategies to cope with current climate variability should provide a good starting point for addressing adaptation needs in the context of poverty reduction. Progress will require improved governance, including an active civil society and open, transparent and accountable policy and decision making processes, which can have a critical bearing on the way in which policies and institutions respond to the impact on climatic factors on the poor. Adaptation efforts will require first steps towards mainstreaming climate issues into all national, regional, district and sectorial planning processes, such as poverty reduction strategies. It is equally important that a ministry with a broad mandate, such as finance and economic affairs is been encouraged to be fully involved in mainstreaming adaptation. There must be combined approaches at the government and institutional level with bottom-up approaches rooted in regional, national and local knowledge. Empowerment of communities is necessary so that they can participate in assessments and feed in their knowledge to provide useful climate change information. They will also need full access to climate relevant information systems. Access to good quality information about the impacts of climate change is important. Early warning systems and information distribution systems held to anticipate and prevent disasters.
An approach that uses both mitigation and adaptation is needed. Current commitment to mitigate climate change by limiting the emission of greenhouse gases will not, even if implemented, stabilize the atmospheric concentrations of these gases. Developing adaptive capacity to minimize the damage to livelihoods from climate change is a necessary strategy to complement climate change mitigation efforts. Climate change adaptation i.e. all those responses to climatic conditions that reduce vulnerability, should therefore be an integral and urgent part of overall poverty reduction strategies. Adaptation should not be approached as a separate activity, isolated from other environmental and socio-economic concerns that also impact on the development opportunities to the poor. A comprehensive approach is needed that takes into account potential synergistic and antagonistic effects between local and global environmental changes as well as socioeconomic factors.
Climate Change Related Policies in Tanzania

Policy frameworks
There is no single policy document that is solely responsible for climate change in Tanzania. The National Environmental Management Policy of 1997 recognizes the importance of climate change. It calls for responsible ministries to put up measures to address climate change. The Minister responsible for environment is also mandated to issue guidelines in order to address climate change and its impacts. Although the Policy has been in place for 14 years now, still the guidelines are yet to be developed. On the other hand, the Environmental Management Act of 2004 provides legal and institutional framework for sustainable management of environment in Tanzania. It outlines principle for management, impact and risk assessments, prevention and control of pollution, waste management, environmental quality standards, public participation, compliance and enforcement; provides basis for implementation of international instruments on environment; and provides legal framework for implementation of the National Environment Policy (URT, 2005) .
Recognizing the adverse impacts of natural disasters and calamities to the socio-economy of the country, the government established a Department of Disaster Management under the Prime Minister's Office. Moreover, recently, a National Adaptation Programme of Action (NAPA) has been developed. NAPA is linked with other national development policies, goals, objectives, plans, strategies and programmes and supports/complements strategies and programmes of other multilateral environmental agreement that Tanzania is engaged. These include the United Nations Convention to Combat Desertification (UNCCD), United Nations Framework Convention on Climate Change (UNFCCC), the Convention on Biological Diversity (CBD), Basel Convention on the Control of Transboundary Movements of Hazardous Wastes and their Disposal, Vienna Convention on the Protection of Ozone Layer and Montreal Protocol on Substances that Deplete the Ozone Layer. A number of strategies and action plans related to some of these conventions are in place (NAPA, 2007) . These include the National Biodiversity Strategy and Action Plan (NBSAP), the National Action Programme (NAP), and the National Biosafety Framework (NBF). The National Environmental Policy (NEP) of 1997 provides a framework for mainstreaming environmental considerations into the decision making process in Tanzania. Though NEP does not pay explicit attention to climate change, the primary environmental issues brought forward include many of the concerns that would be addressed by non-regrets climate change adaptation measures. NEP highlights the importance of integrating environmental management in several sectoral programmes and policies.
The National Forest Policy (NFP) of 1998 is another climate change related policy. One of the objectives of the NFP is to ensure ecosystems stability through conservation of forest biodiversity, water catchments, and soil fertility. The policy states that new forest reserve for conservation will be established in areas of high biodiversity value and that biodiversity conservation and management will be included in the management of plans for all protected forests. On the other hand, the Reducing Emissions from Deforestation and Forest Degradation (REDD) initiative is among the recent efforts envisaged to play a significant role in climate change mitigation and adaptation (REDD, 2009) . The legal framework in support of environmental management in Tanzania promote sustainable forest management and protection which are important for the implementation of REDD policy.
Coordination and Management of Climate-related Disasters
In accordance with the Environmental Management Act of 2004, all environmental management issues inter alia climate change are coordinated by the Vice President's Office. In line with this Act, the functions of the Division of Environment mandate the Division to coordinate all climate change issues including adaptation and mitigation. The government has put in place a National Climate Change Steering Committee (NCCS) and the National Climate Change Technical Committee to oversee and guide the implementation of climate change activities in the country. However, information on how much the NCCS has prepared the country to mitigate climate change impacts on health and health systems is not available.
Several Acts and Ordinances govern the management of disasters in Tanzania. Among them is the Disaster Management Act No. 9 of 1990 (URT, 1991; . This Act derives its power from the Constitution of the United Republic of Tanzania of 1977. The Constitution empowers the President to proclaim a state of emergency if there is imminent occurrence of dangerous disaster, which threatens the communities or part thereof in the United Republic of Tanzania. Correspondingly, at the regional and district levels, the respective Regional and District Commissioner, is the appropriate authority to declare a regional/district disaster situation.
Disaster management requires an integrated multi-sectoral approach, which provides for a comprehensive and active participation and interaction of all key players. The Tanzania Disaster Relief Coordination Committee (TANDREC) is the established body responsible for disaster management in the country. The TANDREC is the body that has been assigned leadership and coordinating responsibilities for the nation's disaster management system. Its job is to lead the country in developing and maintaining a national disaster preparedness and management system that helps people to protect themselves, their families, property and environment from all disasters.
The Disaster Management Department is the Central Government Agency specifically created as a Secretariat to the TANDREC to coordinate and supervise disaster management activities in the country. Disaster problems addressed in Tanzania include: (i) disease epidemics; (ii) drought leading to famine; (iii) vermin, pest infestation and animal diseases; (iv) transport accidents; (v) conflicts; (vi) floods; (vii) fires; (viii) earthquakes; and (ix) landslides (URT, 1991) .
In recognition of the public health importance and the implications of emergencies and disasters to the well being of the society, the Government of Tanzania, through the Ministry of Health and Social Welfare, has established a functional unit of emergency preparedness and response to address all health aspects of emergencies and disasters in the country. This unit, which is under the Chief Medical Officer's office, is called the Emergency Preparedness and Response Unit (EPRU). Among other many functions, the Unit is responsible to collaborate with other departments in the Ministry of Health and Social Welfare in controlling major epidemics and other health emergencies and disasters.
Epidemic preparedness includes measures taken to enhance the abilities of individuals, communities, districts and the nation to respond to disease outbreaks. Epidemic preparedness is one of outbreak management's fundamental tasks, since prevention and mitigation actions cannot completely eliminate epidemics. Preparedness activities are directed towards facilitating emergency response, thus reinforcing mitigation or outbreak containment measures (URT, 1991; MoH, 2004) . Emergency Preparedness is one of the Strategic Objective of the current Health Sector Strategic Plan III, 2009 -2015 (MoHSW, 2008 Act, 1999; (vi) Public Health Act (2009) .
A review of the government policy document has shown that in Tanzania climate change impacts on health have received very little attention both in terms of research and strategic implementation. At least the Goal 4 of the current National Strategy for Growth and Reduction of Poverty II (NSGRP, 2010) aims to ensuring food security and adapting and mitigating effects of climate change. However, to remain focussed, climate change will emphasize food insecurity. In this case, the CC interventions will be those that address: (i) food security at household, district, regional, and national levels; (ii) crop and livestock varieties suited to adverse conditions brought about by climate change. In the current National Health Research Priorities (2006) (2007) (2008) (2009) (2010) (2011) , climate change does not appear to be priority research area (NIMR, 2006 
Conclusion and the way forward
In summary, there are number of potential impacts of climate change on the national development goals. Climate change is projected to reduce poor people's livelihood assets, health, access to water, homes, and infrastructure. Climate change is expected to alter the path and rate of economic growth due to changes in natural systems and resources, infrastructure, and labour productivity. Indirectly, loss of livelihood assets may reduce opportunities for full-time education and accessibility to health in numerous ways. Climate change is expected to exacerbate current gender inequalities in the sense that depletion of natural resources and decreasing agricultural productivity may place additional burdens on women's health and reduce time available to participate in decision making processes and income generating activities. Climate change may increase the geographical distribution and prevalence of vector-and water-borne diseases. These changes in disease prevalence and incidence are likely to mediated through biological, ecological, sociologica, and epidemiologic processes that interact with each other and which may themselves be influenced by climate change (Chan et al., 1999) . Climate change will likely result in declining quality and quantity of drinking water, which is a prerequisite for good health, and exacerbate malnutrition by reducing natural resource productivity and threatening food security.
There is now a consensus that the earth is warming due to emissions of greenhouse gases caused by human activities. The current trends in energy use, development and population growth will lead to continuing and more severe climate change. Societies have adapted to past changes in climate, although some with much more difficult than others. Enhanced capacity to adapt to the impacts of climate change on health can reduce the associated threats to human health and wellbeing. By generating and acquiring new knowledge or synthesizing existing knowledge on anticipated future climate change risks and their possible consequences, responses to these stresses can be faster, more efficient and effective. Better organizing institutions, processes and actions around present and anticipated health challenges across sectors and levels of decision-making can also help with preparedness. Ultimately, societies should be able to avoid, prepare for, and effectively respond to health impacts related to climate change. In addition, assessing possible climate impacts could be an opportunity for institutions and policy-makers to discuss how to do better development; to build individual, community and institutional capacity; and to improve response to certain health and environmental problems. The development and documentation of cases of adaptation to climate related health challenges, would be an important contribution to ongoing efforts in Tanzania.
The changes in climate happen gradually and if prompt actions are taken timely, there is time to learn more about the epidemiology and ecology of the climate related diseases. There will also be time to devise better control and prevention strategies. All these require investment in research. Tanzania should aim to devise better direct intervention measures for these diseases. However, we also need more information about vector agents, modes of transmission, reservoirs, and the effect of temperature, rainfall, and other climate-related parameters on the vectors, vertebrate hosts, and the agents of disease themselves. Studies of ecology of the disease agents and their reservoirs would be especially valuable. Such information could be used to predict more accurately which of the diseases to target as threats, and which will be less likely to spread and/or become more severe. Attribution to current and future climate change related disease burdens is a challenge because the determinants of diseases are complex. The magnitude and factors affecting climate change related diseases among communities in Tanzania need to be better quantified. Research and information on the links between climate-change related diseases are therefore, necessary.
Weather and climate forecasts and early warnings systems needs to be developed and implemented. Such systems can be used to provide information that enables and persuades people and organizations to protect themselves and their property, and thereby reduces the deaths, injury and damage caused by the hazards. However, in the long run, the greatest health impacts of climate change may not be from acute shocks of epidemics or natural disasters, but from the gradual buildup of pressure on the natural and socio-economic systems that sustain health, and which are already constrained by HIV/AIDS, malaria and tuberculosis.
It is only when the climate change issues are addressed adequately that Tanzania would be able to make headway in the achievements of the development goals, including those contained in the National Strategy for Growth and Reduction of Poverty (NSGRP) II; Development Vision 2005; and Millennium Development Goals (MDG). MDG Number 6 and 7 deal with HIV/AIDS, Malaria and other diseases; and ensure Environmental Sustainability, respectively. These are among the MDGs that are directly related to food, health and climate. Climate change challenges the achievement of the MDGs and NSGRP and sustainable development objectives. Unless concrete and urgent steps are undertaken to reduce vulnerability and enhance adaptive capacity of poor people, and unless these actions are integrated in national strategies for poverty eradication and sustainable development, it may be difficult to meet some MDGs by 2015.
Through the contribution of modern meteorological and hydrological sciences and technology it is possible to provide communities threatened by potential climate disasters with information to instigate timely preventive action. Governmental organizations, the media, nongovernmental organizations and other key stakeholders need to create effective preparedness plans, warning systems, mitigation strategies and public education programmes. Local capacity building for basic and applied research is essential to allow regular assessment of diseases, particularly the ecological, social and economic determinants of diseases.
A key initiative across all issues is community education. The farmers and the general community need to be prepared with news about climate change and possible adaptations in order to ensure food security and unusual health events in coming years. There is a need to raise community awareness of links between climate change and health.
It is important that government initiate and strengthen programmes to raise awareness of potential health impacts of climate change and action needed to reduce likelihood of adverse health outcomes to all key stakeholders including the communities. The government should bring together stakeholders with a role in the climate change agenda to discuss and agree on a common strategy to address climate change and its impact on socio-economic development. Through these strategies, it is envisaged that the Tanzania population will have increased knowledge of potential health impacts of climate change; will be more aware of how climate change impacts on different groups within the population; will be able to identify key groups including professionals, politicians, policy makers and community groups who have roles to play in reducing likelihood of adverse health outcomes from climate change and will ultimately, be more aware of what action is needed to reduce likelihood of adverse health outcomes.
Although the impact of climate change on health and health systems have been documented in Tanzania, there have not yet been thorough quantitative studies addressing the many processes at work. This is most likely to be because of the complexity of the many interactions or mechanisms that bear on all aspects of the climate change issue. It is therefore important that the government develops a national framework for an integrated assessment of the impacts of climate change on human health. Such a framework will allow identification of potentially important indirect interactions or mechanisms, identification of important research gaps, and a means of integrating targeted research from a variety of disciplines into an enhanced understanding of the whole system.
